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(57) ABSTRACT

A method for measuring the size of microparticles includes:
measuring an extinction spectrum of a medium having micro-

particles dispersed therein; and calculating average size of the
microparticles based on the measured extinction spectrum

and the Mie scattering theory.
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METHOD AND APPARATUS FOR
MEASURING SIZE OF MICROPARTICLES

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
119(a) to Korean Application No. 10-2010-0134105, filed on

Dec. 23, 2010, 1n the Korean intellectual property Office,
which 1s incorporated herein by reference 1n 1ts entirety set

forth 1n full.

BACKGROUND

Exemplary embodiments of the present invention relate to
a method and apparatus for measuring the size ol micropar-
ticles, and more particularly, to a method and apparatus for
measuring the size of microparticles, which 1s capable of
casily measuring the average size of microparticles dispersed
in a solution.

In general, microparticles refer to particles which are
mixed 1n a water solution or organic solvent and have a si1ze of
1 um to 100 pm.

Such microparticles may include hemocytes such as red
blood cells, white blood cells, or platelets contained 1n blood,
cells contained in urine, saliva, or spinal fluid, yeasts con-
tained 1n a fermented food such as beer, bacteria contained in
a water solution, cells and impurities contained 1n a suspen-
s10n such as nanoplankton, juice, ketchup, or milk, generative
cells of mammals, impurities contained in an 1mperiectly-
molten suspension, and various metal crystals or nonmetallic
crystals mixed 1n a water solution or solvent.

The s1zes of the micro particles dispersed 1n such solutions
may be utilized as information which 1s physically or chemi-
cally important.

The above-described configuration 1s a related art for help-
ing an understanding of the present invention, and does not

mean a related art which 1s widely known 1n the technical field
to which the present mnvention pertains.

SUMMARY

An embodiment of the present invention relates to a
method and apparatus for measuring the size of micropar-
ticles, which 1s capable of easily measuring the size of micro-
particles using the Mie scattering theory and a spectrometer.

In one embodiment, a method for measuring size of micro-
particles comprises: measuring an extinction spectrum of a
medium having microparticles dispersed therein; and calcu-
lating average size of the microparticles based on the mea-
sured extinction spectrum and the Mie scattering theory.

The step of calculating the average size of the micropar-
ticles may include: acquiring a maximum value and a mini-
mum value of extinction efficiency from the extinction spec-
trum; and calculating the size of the microparticles by
associating the maximum value and the minimum value of the
extinction efficiency with the Mie scattering theory.

In the step of calculating the size of the microparticles, the
s1ze of the microparticles may be calculated by comparing the
maximum value and minimum value of the extinction effi-
ciency acquired from the extinction spectrum with a maxi-
mum value and a mimmimum value of extinction eificiency
calculated by tuning a size parameter in the Mie scattering
theory.

The extinction spectrum may have at least two or more
local maximum values and minimum values.
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The medium may be at least one of liquid medium, gas
medium and solid medium. The liquid medium may include
at least one of water and butfer solution, the gas medium may
include air, and the solid medium may 1nclude at least one of
s1lica and polymer.

The microparticles may be dielectric media including at
least one of silica and polystyrene, or metallic particles
including at least one of gold and silver.

In another embodiment, an apparatus for measuring the
s1ze of microparticles imncludes: a cuvette cell configured to
contain a sample having microparticles dispersed therein; a
white light source configured to emit light into the cuvette
cell; and a spectrometer configured to measure an extinction
spectrum of the particles 1n the cuvette cell generated by the
incidence of the light of the white light source and to acquire
a maximum value and a minmimum value of extinction eifi-
ciency by using the measured extinction spectrum and the
Mie scattering theory.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings, 1n which:

FIG. 1 1s a diagram explaining a method and apparatus for
measuring the size ol microparticles 1n accordance with an
embodiment of the present invention;

FIG. 2 1s a diagram showing an extinction spectrum in
accordance with the embodiment of the present invention;
and

FIG. 3 1s a flow chart for explaining the method for mea-
suring the size of microparticles 1 accordance with the
embodiment of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Hereinatter, embodiments of the present invention will be
described with reference to accompanying drawings. How-
ever, the embodiments are for illustrative purposes only and
are not intended to limit the scope of the ivention.

The drawings are not necessarily to scale and 1n some
instances, proportions may have been exaggerated in order to
clearly 1llustrate features of the embodiments. Furthermore,
terms to be described below have been defined by considering
functions 1n embodiments of the present invention, and may
be defined differently depending on a user or operator’s inten-
tion or practice. Therefore, the definitions of such terms are
based on the descriptions of the entire present specification.

FIG. 1 1s a diagram explaining a method and apparatus for
measuring the size of microparticles 1 accordance with an
embodiment of the present invention, and FIG. 2 1s a diagram
showing an extinction spectrum in accordance with the
embodiment of the present invention.

Referring to FI1G. 1, the apparatus for measuring the size of
microparticles 1n accordance with the embodiment of the
present mvention includes a cuvette cell 210, a white light

source 220, and a spectrometer 230.

The cuvette cell 210 contains a solution 1n which micro-
particles to be measured are dispersed.

The white light source 220 emaits light into the cuvette cell
210 containing the solution having the microparticles dis-
persed therein.

The spectrometer 230 1s an analysis instrument of a sample
contained 1n the cuvette cell 210 and serves to detect an
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extinction spectrum 240 of the solution having the micropar-
ticles dispersed therein, generated by the incidence of the
light.

A sample extinction spectrum obtained from the sample by
the spectrometer 230 and a reference extinction spectrum
obtained from a reference sample are used to determine an
optical density (OD) according to the Beer-Lambert law.

Then, the optical density 1s expressed as extinction etfi-
ciency Q. as a function of the wavelength.

Referring to FIG. 2, 1in case of transparent dielectric mate-
rial the extinction spectrum 240 exhibits an interference pat-
tern having at least a maximum value and a minimum value.

The optical density on the y axis represents a value of
extinction efficiency calculated according to the Beer-Lam-
bert law, and an offset value of the optical density may ditfier
depending on the molar concentration of the solution.

The following equation 1s used to calculate the extinction
eiliciency based on the Mie scattering theory.

) o
Ot = s Zl (2n + 1}{Re(a, +b,)}
q. — m% (m)‘)b:z (};‘) — % (X)% (M)

T my, (mx)E(x) — £, (O, (mx)
E‘? . % (W)% (X) - m% (-x)l;b:z (m-x)

T Y (mnE (x) — mE,(Ow, (mx)
Un(X) = X ju(x), En(x) = xh)) (x)

2ra N,
x=ka=—,m=

A

Rl of the particles
N,  RI of the host matrix

Referring to the equation, the extinction efficiency Q.5
may be calculated from scattering coetlicients a, and b_, a
wavelength A, or wave vector k, and the radius of the micro-
particles a.

Here, X 15 a size parameter as a function of the wavelength.
m 1s a ratio of a dispersion function, namely (n,k) data or
equivalently, a ratio of refractive indices of the microparticles
and surrounding medium, respectively. j, (x) and h"’ (x) rep-
resent the Riccati-Bessel function and the Riccati-Hankel
function, respectively. Rl represents refractive index.

The maximum value and the minimum value of the extinc-
tion efficiency as a function of the wavelength correspond to
the size of the microparticles a, when dielectric function,
namely the refractive index and extinction coetlicient (n,k) of
the microparticles and the solution are given.

Therefore, when the maximum value and the minimum
value of the extinction efficiency which is calculated by con-
trolling the size parameter x 1n the equation for calculating the

extinction efficiency based on the Mie scattering theory are
associated with experimental values, the size a of the micro-
particles may be measured.

FIG. 3 1s a flow chart for explaining the method for mea-
suring the size of microparticles 1 accordance with the
embodiment of the present invention.

Referring to FIG. 3, light 1s incident on the cuvette cell 210
to measure an extinction spectrum 240 of a solution having
microparticles dispersed therein through the spectrometer
230, at step S1.

Then, a maximum value and a minimum value of extinc-
tion efficiency are obtained from the measured extinction
spectrum at step S2.

Typically, the extinction spectrum 1s represented by optical
density OD, and the extinction efficiency has the following
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relation: OD=Q..--*n*d. Here, n represents the molar con-
centration of microparticles, and d represents the path length
of light.

Next, the average size of the microparticles 1s calculated by
comparing the maximum value and the minimum value of the
extinction efficiency acquired from the extinction spectrum
with the maximum value and the minimum value of the
extinction elliciency which 1s calculated by tuning the size
parameter 1n the Mie scattering theory, at step S3.

As such, the method and apparatus 1n accordance with the
embodiment of the present mvention may easily determine
the size of microparticles which are dispersed 1n a solution, by
using the Mie scattering theory and the spectrometer.

The medium may be at least one of liquid medium, gas
medium and solid medium. The liquid medium may include
at least one of water and buiflfer solution, the gas medium may
include air, and the solid medium may include at least one of
silica and polymer.

The embodiments of the present mnvention have been dis-
closed above for illustrative purposes. Those skilled 1n the art
will appreciate that various modifications, additions and sub-
stitutions are possible, without departing from the scope and
spirit of the mvention as disclosed 1n the accompanying
claims.

What 1s claimed 1s:
1. A method for measuring size of microparticles, compris-
ng:
measuring, by a spectrometer, an extinction spectrum of a
medium having microparticles dispersed therein; and
calculating average size of the microparticles based on the
measured extinction spectrum and the Mie scattering
theory, by
obtaining a maximum value and a minimum value of
extinction efficiency from the extinction spectrum,
and
calculating the size of the microparticles by associating
the maximum value and the minimum value of the
extinction efficiency with the calculated extinction
eiliciency based on the Mie scattering theory,
wherein the following equations are used by the spectrom-
cter to calculate the extinction efliciency based on the

Mie scattering theory

s
Ot = s Z:‘ (2n + 1){Re(a, + b,)}
P myry, (m)ﬁb; (x) — wn(x)‘)b; (mx)

" ey, (Mx)E) (X) — & (XY, (mX)
b — l;bn (W)% (.XI) _ mwn(x)% (mx)

T Y (mx)E, (x) — mE, (O, (mx)
Un(X) = Xjp(x), En(x) = xAD(x)

2ra N,
x=ka=—,m=

A

RI of the particles
N,  RI of the host matrix

wherein an and bn are scattering coelficients, 1s a wave-
length, k 1s a wave vector, a 1s the radius ol a micropar-
ticle, m 1s a ratio of the refractive indices of the micro-
particles and surrounding medium, and j, (x) andh'"’ (x)
represent the Riccati-Bessel function and the Riccati-
Hankel function, respectively, RI represents refractive
index, and x represents a size parameter for (n, k) data.

2. The method of claim 1, wherein, in the step of calculat-
ing the size of the microparticles, the size of the micropar-
ticles 1s calculated by comparing the maximum value and
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mimmum value of the extinction efficiency obtained from the
extinction spectrum with a maximum value and a minimum
value of extinction efliciency calculated by tuning a size
parameter based on the Mie scattering theory.

3. The method of claim 2, wherein the extinction spectrum
has at least two or more local maximum values and minimum
values.

4. The method of claim 1, wherein the medium 1s at least
one of liquid medium, gas medium and solid medium, and

wherein the liquid medium includes at least one of water

and

butfer, the gas medium includes air, and the solid medium

includes at least one of silica and polymer.

5. The method of claim 1, wherein the microparticles are
dielectric media including at least one of silica and polysty-
rene, or metallic particles including at least one of gold and
silver.

6. An apparatus for measuring the size of microparticles,
comprising:

a cuvette cell configured to contain a medium having

microparticles dispersed therein;

a white light source configured to emait light into the cuvette

cell; and

a spectrometer configured to measure an extinction spec-

trum of the particles in the cuvette cell generated by the
incidence of the light of the white light source and to
acquire a maximum value and a minimum value of
extinction efficiency by using the measured extinction
spectrum and the Mie scattering theory, wherein the
spectrometer 1s configured to
obtain a maximum value and a minimum value of extinc-
tion efficiency from the extinction spectrum, and
calculate the size of the microparticles by associating the
maximum value and the minimum value of the extinc-

tion efliciency with the calculated extinction eifi-
ciency based on the Mie scattering theory,
wherein the following equations are used by the spectrom-
eter to calculate the extinction efficiency based on the
Mie scattering theory
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(ka)?

Orxr =

> (Qn+ DiRe(a, +by))
n=1

q. = m% (W)% (X) — %(x)% (H’UC)
T m, (mx)EL(x) — &, (), (mx)
_ wn (W)% (X) _ m%(x)% (m)
Y (mx)E (x) — mE, (), (mx)

Un(X) = Xjp(x), En(x) = xA P (x)

2ma N,
x=ka=—. m

A

2

B _ RI of the particles
N, RI of the host matrix

wherein a, and b, are scattering coelficients, 1s a wave-
length, k 1s a wave vector, a 1s the radius of a micropar-
ticle, m 1s a ratio of the refractive indices of the micro-
particles and surrounding medium, and j, (x) and h'"’ (x)
represent the Riccati-Bessel function and the Riccati-
Hankel function, respectively, RI represents refractive
index, and X represents a size parameter for (n, k) data.

7. The apparatus of claim 6, wherein the spectrometer
calculates the size of the microparticles by comparing the
maximum value and minimum value of the extinction effi-
ciency obtained from the extinction spectrum with a maxi-
mum value and a minimum value of extinction efficiency
calculated by tuning a size parameter based on the Mie scat-
tering theory.

8. The apparatus of claim 7, wherein the extinction spec-
trum has at least two or more local maximum values and
minimum values.

9. The apparatus of claim 6, wherein the medium is at least
one of liquid medium, gas medium and solid medium, and

wherein the liguid medium includes at least one of water

and

butfer, the gas medium includes air, and the solid medium

includes at least one of silica and polymer.

10. The method of claim 6, wherein the microparticles are
dielectric media including at least one of silica and polysty-

rene, or metallic particles including at least one of gold and
silver.
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